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(57)Abstract: 

PURPOSE: To improve the transmission efficiency and 
to reduce the quantity of hardware by employing a 
punctured code resulting from thinning part of 
convolution codes so as to adopt a speed conversion 
type hardware. 

CONSTITUTION: A de-punctured circuit 21 processes 
input demodulation data by a prescribed pattern. The 
processed data are subject to branch metric calculation 
in a BMU 22 and Viterbi decoding bits are generated by 
a Viterbi decoder 23 from the resulting data. Then non- 
coded its in coded bits yO, y1 obtained via a convolution 
coder 24 and a puncture circuit 25 are decoded by a 
non-coded bit decoder circuit 13. In the case of 
decoding, the non-coded bits are delayed by a delay 

means 12 till the bits yO, y1 are decoded. In order to conduct external error correction, the bit 
rates are arranged by a speed conversion circuit 3, which provides an output of a trellis 
decoding symbol. 
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<Dffl<LU W!2*»fbAA«'i b'y h^fcfe^Afi^- 
ftbfc«, ftfcfc*i&*ft#ffcb'y h«f3fffiGVO£* 
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roiawa»«€:ii^'r*ig*»s<t. £&3n*:raaM 

*|*«iWiBH4(.'fe^>^*^ Kfr^ffkby h 

sria#f»ffc© (no - 2) by h=fetaw&*^(k 
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iff^ffcA^© 1 b'y Ytfrhfth ( no - ! ) by h 40 
G>ffl£U WiafWffc-A/J© 1 b'y h*fcfc&&;MW 
fkl>*tft ^c^^^fkb'^ h^fifT^'Oi?* 

mt<02 t-,4iu ina#fi»ft«:' < n o - 2 > b y 

hiMaM>^^* KfWfb<*>2 b'* h<L*no by h 
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Kff^ftb^ h*ffl*T6sr-ma4o©tt*^> 
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&£-r 5 arc* L/ifi*s8 ©c»rn*>cciatt© r 
u 'j xa*s. 

[ ism. i o ) &mm-mt. b- ? h & 

r£ft^fkA/3<£l b? h (no- ! > b* 

b? \*Z$hfctcic&&&^itbtc&. ftfc 
«fc tr ? h £j?fSG>.» < > * ? * -> - > cc«t 

£ 0 . WiyW^ffcG) ( n 0 - 2 ) b •? V tm&''<> * 
RWfbfcSb'? t<L£n0 b* h^ICCL-'C! 8 

(QAM) Sftfcfc©*. 

s««r-Q a Mfsss i/ , teas o rff ^nfcfgis * 

Kfi^ffcb? ht«^r#^ftb'^ h&a 

w£b-$?ba^b? hifinats^snfc#i5^fL- 

WtE© b' y Y m< f=>,^hU 'J * ^ £ aw* 

1*tti3nfc»0*cc«-^c9 0 - £ 2 7 0' oxi 

[B*3S1 1 ] 9rSb'? hft3^eB£-S*«i/>#.'Utc 
i*ft*ft*SOr#fl»ffc«> (no - 2> b? h£fM- 
ffcA*G>! b* h±ri>6s££ (no - 1 ) b' h£*I* 
ffi*1"&«**JMIH±. MSfiWfcJJW I b* h & 

fobX^s!??* Y&mi<D2Vv YL¥h!^** + 

mmmnt . mmmmto < n o - 2 > b ? h ± 

2' * flC[>iii|lfiffiSSi (QAM> £fe*QAM!(8HB 
i. 

[B*« 1 2 ) i i tce«5©aesB^6aa 

VC. 

QAMSaSSi. 

s#*W5ftr^i/S*3S90C'C»rn*><csa«t©h u yxa 
tthu»JAa^a^*5»1i6n&b'4?trf.S^fc:-;' h£Mfl 
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[ 0 0 0 3 1C ©tWIttf ? ^ J*, is DITjEa>3fc*&©ff 

#Wfkt^^ Mc^i-cii, fiWft©a 
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£ t; x#iwfk©ei3ttti4i**ffc^ ^ c t tc w ^ , 
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^r, ?wikS3i*^:«, «««bit 
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[ 0 0 0 6 ] Kmtt UX. fcfc*ii*W*|k«:ffl^fe 
40 h 1. ij AKmmm i «T, ^ TC M 

tSSla* ^>Ci^^o TCM : Trail is-G>dted WidUla 

[ 0 0 0 7 ] UnqerDosc^ffi*Ofe h U 'J AU^fkSSi 
^ *« [ 1 ) G,Uhqsrtoeck r ^Channel Co 

chnq wth Multilevel /Phase Si anal s" , IEEE Trans . I 
nfcm.lTiEorv.Vc>1. 1^28^.55-57. Jan.1982. #P.5> <f> 
4$a». -C-<3E>l?^(kb'i' hi#fi»ik^-.' h«rO*tC«i 

.«> • co>H*)2kx<i>i>tictt&0>& v * 

50 (sex-parriticninq) " <Lt^ ^xftrcab 
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n. 5s ( l« ^Uhqerboeck Cod- " £fl?tftl&. 
[ 0 0 0 8 J 2 fiff* £ o tr©ff#H8EK < ^ $ 

^B**AVA,^viterbi tc J: 0 lifctlfc: <A£I£. *K 
[ 2 ] A. 3 ,Vi terbi , 3 , KAtol f .t .Zehavi .R, Pacbvani . 
"a Praqnvitic Approach to Trellis-Coded fcbdulatio 
, IEEE Qwawm cations Maqazi ne . Vol , 2 7 . pp , 11-19 , 
Jul.l989.#ffi> o Cftlt, SfflWftffiHIiC^SS'C 
-Praqwreic Code" £H$tfft'Cl"&, 
[0 00 9 ] TCM<P«#ffc©-fi»«:H 1 
C©Hi 3&#HS^&cc. AAttfRto^.'Umo bit * 
fr^fk^v^uo bit ^afcfc(./r95sav>#^as 
Xh%>Q>t?h* C<D<t*^#<Dff^k*R = mO/n 

fe^ii^OTfkSJai^ (fflO, fcfcftjAAfirffkCW 
^k*r > o CCt\ n^it$nh\mvv r&mo bi 
t ©5fc©inbit T'fcO. ft^ffcb'? Hinbit *C*> 
h. btc&^X. fiF^ffcStlScc-^^ffcfc'? hi* (in 
o -m> = (no-n) bit f'*-2>. tttfU'>?tOl'fl> J * 

[0 0 1 0] TCM^fctf <f^|2^ (signal space 
j^ppinq) G>5*.'U-.'H*. fSrfffcbr? Y&^mX'ftft 

HUfSdu*. X'Zhtctf-k* < tZLK^kCQXh 

•*7-7'-fe- I* (subset) 

[0 oil] put*, ff^kti/i:S/j&fcfc*ii*ff 

x. aawfMiag ff^fk^>*^«, c 

ne*iG>ffi»c«]£t/fciEH^* i s /Qe icaas 

[0 0 12] gqfe ^Praqmatic Code" ©ft^-fk©**.^ 

it mz&wMzm 1 4 cc5RT. we*® [ 2 ] m * 

H#a±OTPSK&IBc>'Cl'*:tf. @14iil6QA 
M^&mL<tcb<DX&& (fclT, CtlS 16 QAM- T 
CM**C*(i»iCI 6TCM<tlllffiT5> o CfttfAK 
[3 ] G,3.R>ttie.D.P.TaYlor, "Multilevel Codes Bas 
ed on Pa rtitioninq .Appendix I " . IEEE Trans, on I 
nrorm.Tneorv,Vol, 35, Nb.l,pp. 95-97. Jan, 1989, ICMth 

[ o oi3] if, tctc&&*ttmti<mmm t = i 

t*R =3/4 -C*0, !£W'>iOI/*fc«3bittjHR 
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ftEST?**, ^ ?=>tC, JNlWffcOtf? rS#2bit CC 
*. 

[0 0 1 4] -$Ste, fiWkfc'? h©tr? hfentcft 

SBB^>^©»«, #Rfl(k(0t'^ h& (no - n) 
tc^L2 tn(, - B,1 C*>io r&m&f 

10 2dcr-ab0. #S^ffcl 6QAM^<ttr&. 4afeJ:^ 
W*. 3 bix /svntolfl>#f»ffc8 P S K«>^%«d[ 
[ 0 0 1 5 ] BIB© 1 6 TCMCC^td4<5^^a 
[ 0 0 1 6 ] B 1 5 ica^BOmiS?:^, aiSLfcS 

xi> £&/j?&o @l 4cc^r^;5cc, sMicfctt* 

0 . PJilttq = 51?*^. cntdML 1 6 QAM©»M 
*-Ck*q = SX'+ftX&Zfrb, M^l*2bit. I /Q 

[ 0 0 17] C©fti«*©tt«^ 

(UT\ BMU (branch metric unit) iBJIBt**) 

(xi ) ^> C©i*5i»t»t'awcliB 

30 

[0018] h b 'J WB&<QMmZ&<DL »J *C**. 

[ o o i 9 ] s r, a i 6^i-j;^c§f^ ? v tc 

(y3y2 yiyo)(C'H, Tfi©2bit iM^rt* 
b'Sf^a^Sti-SafftfiT'^w^©^, (yiyo) 

= ( 0 0 ) ( 1 1 ) tCOCif ( X X y l y 0 ) £T-#> 

*aiut:4j<t5wr'-fe&. ccr-xi*04>*i^* 1 tt^> 

40 [ 0 02 0 ] flU*!*, 13 1 6CC4$C-'C««*i^>*'.'U« 

cc^b, (yi yo ) = (00) o>W*? YOlcr>^ 

x\t ( 1 1 o o ) ©s/>stt"^, m\mi*x (o 1 o 

1 > . (10 10), (0011) #&1f7-fe 9 h©« 
bit flC*T?J:<f» (TfeOSbit jifcT* ta^»fci**t? 
X4 =8 bit i^4 0 

[0 02 1 ] fc'4?tfS^tCifi£*a^^>^> r 'J 

50 t? 'j ^ K8E8II) ("S^^'C^tf Z>. m 1 6 tc^TJ; 5 
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IC < yi y o > = < 0 0 > - { I I > > 
h 'J ? £> 'A 0 , A 1 . ,A ? , A3 ^-C-n-t-tt Bs bi 
t'ClUIf Witt, Bs =4U^ <$$IS¥5-2 
7 5 66 0*C«fcn«B5 =3«^)o cn6Sffl^ 

freis^J (''<*) *C*Ht0fc»MS:*aOT:^^>' r 

B©; i> fcgstft $ ft *o c wsa-lfi ^ ftfc n s <@o 

[0 02 2] CCJ^KUC *S«b? r (xl ) t*ag 
fttflWffcb'? h (yiyo) &S*1*4C±#'C* 
#i*tfnr*50. ttSfcNs = 6 4©<L*, Ms = 3 0 
(xl ) 0>fg9£, 3 0^4 0ffl<Dgffl^»^f:«l- 
[ 0 0 2 3 ] B 1 5 K^THBrlWSttfc (yiyo 

JWffcb'? Ky3y2) = (x3X2) &Wr*o 

9tciiS&&Z>tcib* Ms h i/W^KAA* 

ft*. {-'U/tf.SWS&Sftfc (yiyo) tctffcf* 
(y-3y?) ;J5JS«$n. r b »J Af.S^^>^©±{i 
2 bit A&&££iv&o 

[ 0 0 2 4] f?Ui*, iHa©B 1 6©flJT\ Ms £r>7 
r U ££>tjtJ/J# {ID, (01), (10), 

(0 0) V&ZkZ (yi yo ) = (00) wfctf (y 
3 ya) = (x3 xz ) = ( i i > r-*&. t^r, B 

1 6^^^^^>#^ii ( 1 1 0 0 > Vh& 9 f 
*fb*>, kH 1 6 <«&t'i*B! 4 > K*T«T'l 6QA 
MC'SHftt^ttSi (10 1 0) TfiSbit 
icoor*-(0B««©sm^ *ti < l l 0 

[ 0 0 2 5 ] SEiH*S^3 £QAM©«£ WlBtNfc 
BI 3©15^(fc s »^©b'-i' hKA^no =&tc« 

ftiraific- i /q ante a w a $ 

Id /Qd <DVv HKqtt. 0Ui££*Vt-ft<l = 6 <* 
£c^*J:0ttft£ffi±£tf*CCtiq = 7> t"*£, 3 2 
QAMKfcWafl^EBOC'-fliHl Ttc^f, 

[ 0 0 2 6] S fc, HI 1 3 K^iS^CJWffcb' ?YV> 
b? hfctfn = 2 ( r = 1 /2 ) <7>$£, #flWffc©b 
? hftttno -!i = 3K£*o Ofc^ot, 
.'HftttB»©WAG>b? hRl* (no -n ) x£- =3 
x4tefr& 0 

[ 0 0 2 7] 

8t*fflu: t i*, fiHfft*ii r = m/ n<D<t*R = 
(!io-n+m)/nO'C*»h J:<W'6n4r = 



5 

(a - 1 ) /a, <n = ai + i > <0*B£tiR = (no - 

1 ) /no KMRsnrctfc ffififtWB3fc*/2kSc© 

= R * no [bps /Hz] 

[0 02 8] ^Ct?C^R^$fE>tC^#< brJa&feW 
ffla**lSl±3€*i^5fi«^*fll: (4] H.Tanaka, 
T^Ofetsushiiua, "An .Application of Trail is Coded M 
cdulation to Digital Microwave Radio and Its Per to 
nuance " . IEEE Cccwnuni cations Society. IOC '9 3. Ma 
10 y,1993. IC^tiX^h. *iK [4] iC£&£W\K\m 

mtvv Hftn. fcfc*ii#fi»ffc»©AAb:v h& 

r >in/«i < Lf &C<L'CR> (no -n + m> /n 

[0 02 9]PO*tt n = 2. m= 1 (Ok » r = 3/4 
Xn/nin. no =5« -6iR=9/i 0> (n 
0 -11+111) /no =4/5i-r&Ci^r-*S. no 
= 5©A*IW=R ■ no =4/5x5=4 [bps/H 
z] ( 1 0 4 bps EiSelft) *C* -7 fc£ 

20 ©^r = 3/4if4Ctr(8=9/l0x5 = 4. 5 
[bps/hz] i4»J, SftOEnn^i^ 1 l^iiLhf 

*1?^(t»©wfi£&S^. e^ft.^ft^lSb'^ hxl 
ttftfiC-WHRb''? hx? -xmOJ:*J<>A*©b'i' h u- r 
&ii < f ^^Hd^^OTsittKaB^ J: ^ii^^'Si^ 
*^Ri (fflAit WPWe - 1 4 0 7 5#£A& 

[ 0 0 3 0 ] i c c o^'j: ^ Kfc£<$m { m&m\ 
[ 0 0 3i] «±©BaeiStcs», *^fl©sr 1 c^w 

[ 0 0 3 2] C'Si^it. 3?ftS©«!e^> 

A?4SSM*ffli»ft:i * ti4 -9©ttWFB*tt^3h*e'n 

[ 0 0 3 3] *^^3 CC'Sett. b^IBQ AMCC^Id 
tt4-WfitffFB**iab9 . jEl/(r'l6fH*f§&* WH# 

50 [ 0 0 3 4] 
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.•wciittitiftSsdL/r^^fb© { n o - 2 ) t^i 
ttmtAJW l tr - h < n o - 1 > 

ffl<L U BiiER^ftA*© 1 b'i- h fcfcfcJM&fclWffc 
ttfcfc#&*fiH|fbb' - h fcSfS^O 9 * * 

ffc©2fc'i' SriS#^ffc(^> (no - 2) t^h 

<tma.'0*? + KfiWb©2 t-;hi*not?H5 

•ifiicur2 ,s u <ottmt&@&m$titcbv>$:. sun 
vmmo , fta* i, r f§*> ft fcfflss?'- * cc*^ >t , 

< n o - 2 ) tr * h &*BF#f tf * h 58 

<t. ^ft^^^gf^^^. jtWab'frtra^ 

aa* . nuiaa^ 5? icmiv <> 5? ^ + ^ * - > iCSE 
r ^ > * * + saffl*«E-r ^> <> $ f + ee <t . * ? > 

t. mmmthf}v> i tr ^ tctis-r&iiriatf *b-a 
^ tr ?h & a /3T -6 b- $ tia^s i . gqs t- * trffl^- 1- 

TBMas£ofc;<>**- + Kff^ffct * h&Htfjrv* 

>*?+B»<L*Aii:s£9, Siia#1«ftb'* ha^ 

asts . maa^ $ ifig$&> ^ > a - 3 <tr 

fe^S i , WS2 tr £ b'ffi^«|i*iWia?s t L, fc ,* £ * * 

* FfiF^fkb'-;' r ^fr&sriaftfWft© < «io - 
2> tr? h*ta^4#^fbbr-i- h^-yt. £<i 

[ 0 0 3 514 fc«*3S£iaa©ftMk*, a*f«*C«fr* 
b' ^ h »^ *b^-5t»«^> sKjU tCiiS«a&lfe 0 -c#jj 
^b© (no -£> b'? hiff^fkA/3©l b'v hi* 
(no - 1 > b'? HD&tu. nmtt^itKfiO 

!ir^ £fcfc#iAiW^lbl/fcf%. SfcfcAS-WM- 
fktr h &3ftE©.» < > * m $ - > k« - tbs I a 
Hfcftl/Tr.'O 5?* t FR^fbfl>2 tr i u ma# 
BF^fk© (no - 2) b'v> hiWia^'Oi?** KfWfb 
©2^;- hiSntO b'? h«Itc(./'C2 ,! 0 ©Jr^ffc* 

turcfflsSr - 3? . b* $ b*{l^ b' •;• Y L $ 
n*^>£>*M> KB^fktvh*ffl*T&b , ^triS-t« 
<t. Bb'*b'tS#«^«4bfc^>^^fr Kff^fkb'-.' 



[6) 4MW8-2 8 8 96 7 

10 

h^ffl^-CBij^m^fk© <n0 - 2) b';' 

*#iwfkb-^ ha^at. siab'irta*b> h<tn 
saffi^snfciNiwffco) < sio - 2 > t^^ ^ i^iias: 

a^T^iiS^fftiHis&i. t:irr*H' | JAawc* 
wEb'»tra*»*. aiaasn^-^ccHia-'o 

d?^+BBi. hU 

-rf h 'J ^SW^Si, lirsafiF^-ffcAA© 1 b'? hccta 

io sr *srsa b- » t-a^ b- ? h * s^t ^ b ^ bta^s 
t. Hffib'^^ta^t'^ v^mctcfrihfr^iterh 

r r^^ l&tyMZ tt i/ Tiina?E* t/ fc-* o ? * + k R^f fc 

#***iffcb'? ns^asit. maasi^-***^*^ 

.'l/©±tt (no - 2) b'^ h£*ffiTaft**>>*K. , M* 

ta*ai, matr^ b-a^^m^iufc^o ^ 
K^^ffcb' ;- h^tB*t-^*r'iiiiga4^©«*^>#.«u 

20 c^Hi ( n o - 2 > b* y h *S^T^^*S*L . HIG 
$ n^cfijia 4 * ;K2±f£ ( n o- 2 ) b' ^ 

t©i»rn^S:5g«i/ris^3nfc#»^fk<D (no - 

[ i) 0 3 6 ] 26 fc»*3S3 Ifltt^ftBBfi*, Sf^ri 1 S fe 

iiis*B2 latt© u >j ^ii^s^^r, uriaaEiar 

30 [ i) 0 3 7]* "c!H^4 ga«t0>ftWk$, 1 W 

i/ig*B3 ©i^-rn^tciatto (■ i- y ^a^-sic^^ 

[ 0 0 3 8] S M#*3B5satt©ftW^ 1 wl* 

r . maaaa^- * ± aia b- * b-a^ ^ *>« o 

40 ^cCi*«»if4 0 

[ o o 3 9 ] * tczmm iatt©»w«, & tcia 
Wia^^b-a^cei:-'^-^ r »J ^^^r^ffir^ 

[ 0 0 4 0 ]* fctt*Jll 7 !a$SCOSB^v*, 5 « tc 

\m>m e tela*© h y ^a^B<c 4ai - r , tan « 

**«»at*. miarVO^**<o*'i'5>^«:6Wt' 
[0 0 4 i ] */ca#*3B8te<80|fe9li*, «*W5wC* 

so uttm 7 co*, »rn*>«:ia4W) v ^ y ^a^sc 4at * 
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n 

x. m&msfcmtit».temt, imr-tvum 

[ 0 0 4 2 1* fcS**Jl9 S2«M>ftWtt, a**'! 5 « f 
f . miE b 2 bfa^f b' ? h ^ ftp ia U * f.»f 

s#>ii>^mmxmmm£&m\t$t\tc? ^- mm 

x? \s-*Lmmm&fttjL> st^u-^iaMKicj: 
a. 

ff-^ft© (no - 2) by hifiW{fcAA<Z>l h £ 
*»*>ift& (no - ! ) by h±U Hiriaff^fk^/J© 1 

by h*stt^ffct/r»*)ni>i b ? n& 

*&*J»fkl/fctf)t ttfefc^ii^^fkb'-? h«JT* 

£ ? + KfiWrt©2 b v h £ U grsa#fiHf f fc© ( n 0 
-2 ) by hiiflE , C>^ftKfif^to2t'; hi* 

no KDfflKt/r i a o* mnj^ammtu 

fj ta i??^£> .» O £ * * J f £ - > tc fit ? r ' < > £ ? * & 

a£ttt/r, 7'^^*^ h y ? b**ba-^ 
i/c»*=>n&b £bn^tr ? i^Mflfa^u atia^o 

HWfkb'? hfcffi^r^-Sfffcb'? h£a^- 

0 * C <t <t f £ ESI* 

[ f) o 4 4 ] £ fcgjM&j l l IBtto&IJiti, b y h 

{ n o - 2 ) b y h £fiWlfcA*G> 1 b h 
(sio - 1 ) by KDSfi^ffi^&iiijfSaBBSi, 15 
EJWfcAA© i b' ;> h tttlWre{kr&£lM?4fkB 

2tr^i«^>i?*+ KfWffcSBSt, Wsa#f« 
ffc© <no -2> by hiafllE-'O^ f f PIHito2 
by hi* no by h<D$Ki_,r 1 80' tttffF95G>ia 

ffcB<l, 2 |: w «QMi4§(jifflsn (QAM) &&TQA 



;?) <&H?8-2 8 8 96 7 

12 

[ o o 4 5]* fca#*3i i siasacoessn*. m*j« \ i 
^ia<ws^iKB^^s«3nfcfi^*ftiiL/-c. a^§ 

i. »h UiJ^ffi^BA>6»^n&b5fb'ffl^b^h* 
[ 0 0 4 6] 

10 [ffffl] BifiE* 1 ©SSfi^«l/t:, i fttr^tt* 

>7 S ig^L t/ b 5? bm^ l/C b £ b?^f b h &£fi£U , 
CCb^b'S^by h*BSBgfc3fe^i\*ff^ffc. 

KWfkSttl/^V^^* Kff^fkb-;' h*^f 

2 r> r. ^WF^fkb^ h&a^t^o c©atc.'<>^^frM 

ar4iwfk*B*sii©(sa*a6c tortus ^ uu^ta^s 
[ o 047] ig>Ks i r u ^fa^sti. i 

^mm^T-Mic m^r h c t^x * %> . 
[ o 0 4 8] ig#3S2 iatt© r u 'J *a^»*. 
v^tttu^a^a^oiBW*, ■en^n^^-^fkb' 

v \><Qfr&Mti&l>&tt*<DX\ JrDrJ^jrt-b'^ hftf 

J: Offi^StifcKft^^^i-b $xmRirz<j> 
X. ««^>sl J OHft(flHBS©*Ktc^ DMMSSE 

40 [ 0 0 4 9] 2 ©»BC£1» t/'C . »*■ 5 I - L/ 
9 ©C *rt^tciS*t© h 'J * IS^BI t. flfflr 

«D*&lt*0. gfr*©«it:a^fei:*ti:a»y-*<D 

x. mmr-^(omn^itb<mmb, a^»s*iE« 

[ 0 0 5 0 ] m&!33 o>m Src*k/C . 1 0 1*, 

4*-*>2^»«-r&e33t*^'c*>^ itotosi n*^co 
50 iHifiS-CfcO. 2i«-©a««s-c**. 
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[ 0 0 5 1 1 fl^ESi bX 1 8 0 * CDfift**-? ? e 
^S^S'tCjrD. 9 0' £*^i*2 7 0 # ©^a<4t> 

f*> 6Av-*«'fitia:a«:iJrS' c £*ciei, < a 

[ 0 0 5 2 ] 

[0 05 3] Siia5iB6*#BBb-Ch i'»J*1Wfc 
4>8z93&?&, H5ti* mo =4, no = 5G>*B£T\ 
KI!ll»3a;i*3SQAMK:tfit^l>. A /JiPflMSS' 

UBS 1 0 1 tc^iijftSft&aiMI. fcfc*iA*1Wffc 
BBS 1 0 3K«fr:£fcfc*ii#f»ffc < rm = 1/2) i 
jO**+HBS 1 0 4tc.fr: £M>£f+afl.3i (rp =m 
p/np) «TC. H^<J^lT^fkto#Jl* (y4yj 
y2 yi yo ) #siJfji$*V CQSbit ^itfl>V>#jU 
r - S£flJKfMHBB#E» 1 0 5 tc A/j$ 

n. sssBr-* i e so'Qs tcisftstira^nwc* 

3SQAMKiBBtCAA3n&o 

[ 0 0 5 4 ] C C f\ y 4 o {D^ft-cn^f ? h 
-K*B— iiS <Rs0> £©f\ fcfc*iWMWk*>> 
( ci CO ) ©fi-k'v h Ly- hRsliOfflffrt*, 35 

< 1 ) <L«£. 

[ 0 0 5 5 ] 
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CO tU) ) . (ci 111 CO tX) ), (Cl (n c 
0 (J1 > , (CI li) CO 131 ) . CC 
f (0) - (3) fc*BJ3J* ST $ A J* 4 > F V $ *X'&ho 

cc^feTsa©^: (2> K«*M>>?t^*->tca 

vCco ,n <Lco t3) #BU»sna©f, (yiyo 



Fst- 



* R 50 



(1 ) 



^***BHU 04© 
co 



CCf , r p = mp /np & 
tff mp fc'? hfab&t*. 

= mp /2 np f 

[0 05 6] £KH6£fiH*f , mp = 4 . np=3<D 
1 ©BS3RW©A/jxi (pl . xl 1,1 , xi" 1 . xi 



10 



20 



30 



40 



) It id tU) CO tw> 
111 > , ( Cl M1 C1 U1 

[ 0 0 5 7 ] 
[82] 



(CO 1,1 Cl 



<2> 



C^^^CCSHe^O^^+^ftv*. 4bit ©xl <Z> 
A*KJ:0 6 hit <D <yi yo ) &fg£fc&, 
+ ra^ffc©*WffcStir = 4/6 = 2/3f*£. iC 
*C h u»J^fi*fb>>5K^©^*>itl»fkCE)y4 y 
3 y2 ti-C-tl*'tlX4 X3 X2 tc^U < , #>"?yi yo 
h£t©f 6fc»t © (yi yo) KWL/f <y4 
y 3 y2 > = (x4 x3 x? ) **3 *3 = 9bii f* 
Ttobfcxl #4 bit . <x* x3 X2 ) i*9bii 

f £IM 3 bit ©a^kWU (yi yo ) cobd^ £ 

(y4 y3 y2 ) ©9 bit f"&!H 5lm &S/5T& 0 
L/fc^-?tTW#lk*!tR= 13/1 &*C«&. 5tfe, x 
J , X3 , X2 tt*n-etl3bii AAf &HtCxl ti 4 
bit hj}¥h&m&hh> ?Tj:t>1bX4 , X3, X2 <J) 
f v hi^-hictk^, xl ©t-i' hU-Hi4/3fi"C 
A-Sifi:*^-*)^, l/^7 a CH5©ii!fG£ttBBS^2fi 

© u - v cc*nf. u fcasKsiftiirs' c ^ tc ft 
[ o o 5 8 ] u±4>raffi£ s»5ar-* i&^> t . x i © 

b'y h U- HRsJi*, Cl 2fci*c0 h U- htc 

*u<r»<or-t5^. -xcc^f 5C (3) ©Jr^tcw^, 

[ 0 0 5 9 ] 



Kfl2= Ro! = 



X RpO 



(3) 



W±CC'3SA>&. h U »j *»*rt>»5lOb { y 4 y 3 y 2 
yi yo ) (DSbii ttl^*fc0 5xR 5 ot:? 
n-S©CCj#0. IW-ftliiC'Xl -X4 &s ll**fc*J, 
[84] 



<3xRsO+ 1 xRs2) tTvb = (3 XRsO+iTlp /ilp XRsO) ^ - <4> 



^©b'-i- HU-Ht, ( 3XR s o+mp/np xRs 
0) [bp5]'C*6. cfr: otBSC h 'J A^^fkS<De ^ 

3xRiO+mp /tin xR«y 

R 

5 X RsD 



[85] 

*1 n p + ni p 



C«5J 



55 ( 5> feiA^r = 2/3 ( r p =mp /n 

p =4/3) ©t8^tciiR = 13/1 5 fab*. 



[ 0 0 6 0 ] «±©J= l/f , 51*© K l- 'J ^IWfb 
50 saaS©fiH|fb*ri*3 2 QAM*ffl<r»*4 *tei*4/ 
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[»6] 

nO - 2 * nip /up 

R„ ... (6 J 

nO 

35 < 6) icv£. 

[006 1 ] U±.<D£WbX^t&M$tlXimZ 

ntc\m^mmvQ a mssb o r (sat s n&f.s«r io 

-J Id, Qd »DBTJEiS^t7^*«|lifeff* 
h U 'J XfWBfiEW ! SitiSlWBtt.'afcB 1 ICSiT. 
[ 0 0 6 2 ] HBKfct-'C. W 1 h I* 'J 

t- ta^« i j*. w*m** « 1 1 1 . s»s i s t , 

#1^Hfcb-? hT^-S'BBSl 3<L;*'6«*. tf*b*« 
*»2tt, ^"0***31112 1 <t. 7?>*>HJ? 
^»JS^S2£ («T, BMU i. tf*b' 
a^l§2 3<i:. ft:&Ai&*15^(fcBB8S4i, 20 
*SB52 5±a--'«f4 0 

[ 0 0 6 3 ] #1«ffcb'? 1 #ff#fbt*-? 

t ©li«&ffliSa*^S 1 1 tc J: 0«ff»sli^>5K.'H© 

HWAk:J:&«IW5 - £ 7 5 5 9 9#WK,< gffii* 

n-c*,^o 3 2 q am<»® £$mm<Dmt, a 1 7 ec 

fctf £ (A) - <Y> ©2 5&G>T«'h5bii 'ClWir 
(As = 5) o -ei/ClWffcb'? h (yi yo > A* 

fftfs^sn-s s T?««a*tts&ii*»s 1 2 -ess 

ff*»^3*ifcfiWffcb'-;f h (yi yo) &JSi> 30 
r#1Wffcb'? h (yj y-3 yz } = < X J X3 X2 ) 
&#?Wffcb'? h-fa-^Hai 3'CtWS*&. 

[ 0 0 6 4] &4aB 1 7©««ES'C\ 
^flCDEgMWMW <A> , <E>, (U), <Y>r* 
U^, «±ta^$nfc < yi yo ) icttit&&t»tf 
nmuou^^hh. flAt*. S±H (Y> tcii 

(yi yo > = < 1 1 > Vcmttf &to,-K<U^0fti/V 

111) ©*»*K,«U> TfCfflU (y4 y3 y2 > = 
(X4X3 X2 ) = (! 1 1) if £. 40 
[ 0 0 6 5 ] ateH/SIiK'ijj*** cfcOfiftKi*, II 

« < Y> £ <yi > i (yz > a>2^fiC«Wc»«l,r 

■c-nen«*u. smMiiioK.'u^ <yi > <owmz 

hZtSfc (11111) ©*/>3jOH6Bl«J (X4X3 

x2 ) = { 1 1 1 ) £f h. (y? > ©«wc**£a 

( 1 0 0 1 1 ) £>S'>*\'U <X4 X3 X? 

) = { 1 00) t?h. CWStt iUttKOr 

<a>, <E>, <u> ©&«j«<,*ne-n <ai > £ 

< a 2 > , < e i ) £ { e 2 > , < u l ) d ( u 2 > tc 
»« 0 r*U* U . *l*«sttRli 2 9 K * SO 
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HfciSHlXS-C** (As =5) o 
[ 0 0 6 6] fcttu ffiiamcolW 2 5 fl)t *«B£ 
eB¥5 -2 7 55 9 9*c5W\J:$K, SS^tf.'l 

±ia 4 bit ) €ffit*T:twM«pjtec*-7fc3&s. mmn 

e©B**2 9©fcB^«, CftJ:*J£<©b'? h£ffil*r 

{ y > ^ms^o^a^m^cti: ( 1 1 1 1 i ) s> 

SOsKn^&a^ii < 1 0 0 11) ©^>^oo-** 
3gBIWCCBi-7X ix4 X3 X2 5 = ( 1 1 1 ) or ( 1 0 

[0 067] f * b-a^ t^^xi a wsrias 1 1» $ 

nfclWffcb'9 h (yiyo) o>mm* y Hicotr^b: 

[0 068] B7ilii]8?:^C^T, *v<> 5> * + HB2 
lK^W&^Voi?*+afIt, BMU2 2CC^6^ 

K©*B^r-b'»^a^r^i8dtJt, R*ktr-? h<ESdg 

QkM<Dm&&mmi®t.<i>tf)imm (a) - (Y> 

ait 7? > * * b 'J 5^ ©ififf ©f±*ttQ P S K ©tS-& 

[ o 0 6 9] me<»&{m\<c^\t<Qm\tAtM4 m 
iS»t', a/j^3^»^m^T?^ofc D sfiffltoa 

[0070] B7iia8i**«!>**Wni J feSL/'Ct»-5o W 

mi 7<s> (o> ©twr-ftatsnftid:'?*. coc-i^ 

© I ***ifil"C. IWffct'* h (yiyo) ^t^iES^ 
Ttit?hco^r. yo = *o* s-o#ju*>*>fiC'gi(lt 
«:Ri0 tW) , yo = * 1 ' ©^>*U^&©SH6*Rii 
t,,, Wl> 0 J:D»#ftfett, yo= '0* ©toaou 

tt^Rio 1 "' -Cdb&o *fc. yo= T ©soitont 

(yi yo ) ©ffl^KigC'±ttfcr? h^C^-C. yi = 
0' ©^>stOA>^©ffiliS*Rqtf fll , yl= *r 

yi= '0* 'O' "C*>*J. Qss* 

ISI'C *Q' ^O^.'U^fj^&gf^RqO 1 '' 1 r-*>* 0 * 
&yi= T ©^>KjH* ^' -e&OQiMfifirc 

[0 07 l ] cti^©ffi(Bcc4fs3i«0:Sttdi-**. 
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fltofWffcfc'? h (yi ,0) yo 101 >=<ci t0) c 
o t01 > ©&tr* hc'i©*ltfl>isa (>* h 'J * 
Sim> 0 ff*. co t(n =Ot?*>SfBSitRitf" r- 
*d. co t01 ^rAafStttiRii' 0 ' t 1 **. £fc 

Cl <p) = 0^*&ftfe*RqO ,,n *C*0, cl (p, = * 

Atif" = {Rqa lU) } : + {Rib* 01 
S < 7 > rii^n^o £<0? 'v h U v fiZti&i' 
^SSil/'C.'U^ h L' 2 <t U . JEl/^»5IJ«rS 
«T£ 0 CG)?? h l» ? ^<0<tD*tt, h 

A> h 'J J = WvU> h >J ? *'C*&. CftiiiiS 
CC. filERqa. Riw>t*)j;&mti:?&tsc&*zjt h 
■J ^ £ = ftfc^*-rf S- »J ? £<fcf £C±t>BJSfrC&&. 
[ 0 0 7 2] B*a(i) , (?) ©«litaS!lr-*te^i*r 
t>H»iC, ftft^ffcb'? hCDiSttRitf- 1 , Rii t3) , 
Rq0 (,) , Rqi (1J , RiO ( " . Ril" 1 . RqO (,) , 
Rql ( " &B7(CSe-r*fe4Cii^C*&. C<E£ 
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18 



o 1 " ) = (a b) raatSft-CfcO, 
[»7J 



(ci 



) 4 (a =0,1 , b =0,1 ) - (7) 

fetr^ ncjtff^swtafioitRf s»Ai/c»tar 

If AT^fii^rtiO £ fcti«fBtt&S;Mi© i / 
2#6<ffll**><v&. 

[0 07 3] «*S(i) cc^^r (ci ( " co 111 > 
= ( a h ) t?***S«©H** c 0 < ' 1 **aai«T'»J 

f. co 1 " KB^&iSai*atfl>BRf TW8U 
[&8] 



1 



+ Rf 



CO (,) > 

ip ) ©It* 
, yo tiJ ★ 
! + {Rqb (1 



Xab lli = (Ria* 

[0 07 4 ] BSSO) «i»T < ci (,) 
= (a b> t:*&fttR HJ 
t*. -en-t-n© tr^ h^yi tl) =co u 
Aab" 1 = {Ria tIJ 

[0075] eao) cc^r (ci tij co*' 1 ) = 

(a b> V*>&7y>?* HJ -;'5?©st#ti. co tfr 
Aab" 1 = {Rqa t;) } ; +Rf 

S ( 1 0 > r-**!>& 0 

[ 0 0 7 6] C ©J: ^ tc 3 -rtDSmSgar - £ £ fflt - r 
4 F 'J ^ fivmt&mt&tcft* b 

$tf«E^b'? hxi <>C©IBtC4bit JH»^T*C<!;** 
t?*^o CG>tf*btS^tf ? Mbit 

fc^ftb'-i- h (yi yo ) *35I»i.«L/1T#f5^ffc 
b'-;MxU3x2) *3Jfi*"aT^CiAVc*& D 

^, cne>&tli/ji/rfl^^ffll©X'7--rjjE (put* 
[ o 077] ztetmr- $ i ci . Qd ^feiiriast^ 

hC'i©*g«Rib, Rqa^i^O, R f SrSATS&s! 

[ 0 0 7 8] ^ ^ tcc^lfc*^ r = 2 

/3 <£ft»^{fc*R =13/15) C^C^c^. r = 
3/4 {R=9/10>^>r = 4/5 (R= 1 3/2 



(a =o.i , I) =o.i ) - (8 > 
★ = ci t!) t<,^J:^ti:2o©BSSi|{c4fe^-3TS6n 
X< %<DX\ &IBtt©H#flfe2^©B*«!ltcafc35^rft 

[»9] 

} 1 (a =o,l, b =o,i ) - (9 > 
r. 

[ft 10] 
< a = o,i. b = o,i ) - (10) 

30 5) ^i-r'^atcftBsBjgs-c**, *nen«jwfk 

*«CfeW*C/N <=E*/No. Es:l^>^>^>fc 
♦lCC'X^jU^-, NO ;H-#J^A^^h.'USig>^B 
ER (b-? MHD^) fttt*H9cc*<,ift«T?^'ro st 

^rffiC^r V U'J^tfi^&ttUrBERt^fciCC* 
4, &%0>tc#A£&i5tt<D v = 1 / £ ( R = 4 / 5 ) 

^iC^n (eSb-hA^fitCOtl) C/Nlf-b' 

40 fe. 1«R!bit SfcO©x-t».'l+"- (Eb > fEafkl/ 
fc. WEb/N«?«ftfcHl OCCST. 
[0 07 9] S«H2ft»IB0r, *«WtCff*huy 

«to#.'HftUBH4 1 tiiS^K4 Si^W^ftb*^ 
H2Ui?*BII84 3t«:*«r&Ci«:e»tl/^<>fiE> 
r-** 0 C^>m^(i, ISIBTO 5-2 75 5 99 ^COSl 

.«9S, ^Wfo^b'^b1S#tt2 4iSSaa0H3ti 1 
50 ancsnUfeSlSftWiloiC/T:**^. *fcl6QAM 
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1 0 0 8 0 ] H 2©#ff#f kt: - h »#»4 ii. B»© 
*HS-r*P54W^3n/c:^ffc^9 h <yi yo > 

4©$^£fc>tf$^, loci'V^fcaiRf*. c© 

j£Ki*ftftsO:*OUfcBjBlfi4 1 ©#©£1T'A£© 
t?. £0B Ctucftl/. ! £ttffll©H i 

©S&r-ii, wWftt^lB i i tlffimtt:? h^ra- io 

[008 1 ] Bs^fg^snfcS^fk^^ h <yl yo ) 

i SM'c^ o tc v z t-a^ai 2 &&w<l t & 0 

Ctt64*SSE»B»3 4'CteJdU^c h u u AtSWS 

[ 0 0 8 2] £KH 3 £«BSL,T, h U M 

tt. tSHr-3f©ii«4HH , *'4*ia6(llfIiaa5 *»:» 
fcC4T'A£. C^J^^filBttlBBaStCcfeD. Hi 20 

e>'«H*5 - 2 7 5 6 6 Qm-ffi) . C©«6HI8K J: 
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